It is well known that government monetary policies significantly impact financial markets. There have been numerous studies examining the relationship between monetary policy and the prices of financial assets, including equities and bonds. Little, however, has been done to explore the impact of major financial assets on changes in monetary policies.
Introduction
Central banks across developed and developing economies have aggressively expanded monetary supply in an attempt to stimulate demand in the wake of the financial crisis. It is commonly known that restrictive (accommodative) monetary policy leads to lower (higher) asset prices. While understanding how monetary policy affects economic activities remains a challenge to researchers, many studies examine the role of stock markets as monetary transmission mechanism channel. There are two channels through which stock prices respond to monetary news: the interest rate channel (where economic activities are affected primarily through consumption and investment via interest rate cuts or increases) and the credit channel (where such effects result from changes in the supply of bank credit and corporate balance sheets). Empirical evidence on the monetary policy transmission to equity markets is somewhat mixed. For example, Miron et al. [1994] , Warner and Georges [2001] and Driscoll [2004] find little support for the credit channel, while Kashyap et al. [1993] , Kashyap and Stein [2000] and Ehrmann and Fratzsher [2004] reach a contrary finding. While an empirically based consensus is lacking on the impact of monetary policies on stock prices, most studies focusing on bonds, e.g. Fleming and Remolona [1997] , and more recently, Gagnon et al. [2011] and Hamilton and Wu [2012] found that the Fed's monetary policy directly impacts bond prices.
With recent technological developments, capital can now flow easily across borders and between different asset classes. Unlike previous studies that focus on the effects of monetary policy on one single asset class, this paper argues that the prices of major asset classes such as equities, bonds, and real estate are all endogenously determined, reflecting key fundamental economic factors like monetary expansion or contraction. As a result, restrictive (accommodative) monetary policy should lead to lower (higher) aggregate asset prices. For example, without monetary contraction, equity markets can still enter bear markets. However, funds can flow out of the equity markets and "fly to safety, " which will propel the prices of safe assets such as government bonds. It is therefore important to investigate the impacts of monetary policy on different financial markets as a whole and examine how major financial assets prices respond to monetary policy changes.
Many studies have addressed the impact of unexpected monetary policy on daily or intraday stock returns, while fewer consider the longer-run effects on equity prices and treasury yields [Durham 2003 ]. This paper applies the long-run cointegration framework and treats the prices of major asset classes endogenously. Monetary policy, on the other hand, is treated exogenously in order to examine its impacts on the prices of major assets and their interaction.
The contributions of the paper are thus twofold: First, the paper examines the longrun direct impact of monetary policy on major financial markets and their interrelations. Second, it highlights the importance of market conditions for the allocation of capital among major asset classes. The findings of the paper should be useful to both policymakers and market practitioners. This paper is organized as follows: we briefly review the relevant literature, and then describe the methodology employed. Next, the empirical results are presented, followed by concluding remarks.
Literature Review Monetary Policy Transmission to Asset Prices: the Empirical Evidence
Most studies that analyze the effects of monetary policy on financial markets concentrate on stock markets. However, their empirical results are somewhat mixed. For instance, Thorbecke [1997] and Conover et al. [1999] reported empirical evidence of a strong positive relationship between expansionary monetary policy and stock market returns. Similarly, Rigobon and Sack [2003] , Ehrmann and Fratzscher [2004] and Sousa [2010] found a significant negative relationship between contractionary monetary policy and stock market performance. On the other hand, Tarhan [1995] , Durhan [2003] , and more recently, Laopodis [2010] did not find a consistent relationship between monetary policy and stock market returns in the U. S. They further argued that "the volatile nature of this relationship is mainly the product of changes in monetary policy authorities' operating regimes" [p. 291] .
In addition to the studies of the impact of monetary policy shocks on daily or intraday stock returns, several others examined longer-run effects on equity prices. For instance, by examining monthly and quarterly performance, Jensen and Johnson [1995] found that expected stock returns were significantly greater during periods of monetary expansion. However, according to the recent study by Durham [2003] , changes in the exogenous component of the federal funds rate affected changes in treasury yields but not stock returns.
While empirical evidence supporting the existence of an impact on stock prices is lacking, most bond market studies, e.g. Fleming and Remolona [1997] , and more recently, Gagnon et al. [2011] and Hamilton and Wu [2012] found that Fed's monetary policy has a direct impact on the prices of bonds.
A few other publications have investigated the impact of monetary policy on real estate markets, which are often approximated by real estate investment trusts (REITs) returns. Chen and Tzang [1988] and He et al. [2003] both reported a significant relationship between long-term government bonds' yields and equity REITs. On the other hand, contrasting evidence was presented by Liang, et al. [1995] , who argued that interest rate risk tends to be insignificant for equity REITs. Mueller and Pauley [1995] did not find any significant relationship between REIT prices and interest rates, regardless of the direction of interest rate changes.
Most studies have focused on interest rates as the key monetary policy indicator, fewer have examined the impacts of monetary supply. It is argued that expansionary (restrictive) monetary supply may lead to lower (higher) interest rates, which will propel (depress) stock prices. However, conducting a time series analysis, Kraft and Kraft [1976] found no relationship between monetary supply and stock prices. More recently, Alatiqi and Fazel [2008] did not find any long term cointegration between monetary supply and stock prices.
Taking a different perspective, Rigobon and Sack [2001] argued that the stock market and monetary policy decisions are endogenously related: the monetary policy responds to the stock market at the same time the stock market reacts to the monetary policy. However, recent empirical work by Durham [2003] found little evidence suggesting that monetary policy responds to the exogenous components of changes in financial asset prices.
Extending the existing literature, this paper applies long-run cointegration and treats the prices of major asset classes endogenously. At the same time, monetary policy is treated exogenously in order to examine its impact on prices of major assets and their interaction.
Asset Market Dynamics
Stocks and bonds are the two primary asset classes in asset allocation and portfolio management. Previous literature indicated a strong relationship between stock and bond prices. For instance, Lim, et. al, [2000] empirically showed that international bond and stock markets are significantly interrelated. Cowan and Joutz [2004] also found that macroeconomic variables impacts both equity and bond markets. However, the correlations between stock and bond returns were deemed conditional and have varied considerably in developed countries (see for instance, Figure 1 in Baele, et al., [2010 Baele, et al., [ p. 2376 which shows the change of the correlations between stock prices and bond prices). More recently, Migiakis and Bekiris [2009] found substitution effects among stocks and bonds in the long run. Bansal, et al., [2014] also demonstrated such "flight-to-quality style influence" among equity returns and returns of longer term Treasuries. Evidence from some REIT studies (e.g. Mengden and Hartzell [1986] , Ennis and Burik [1991] , and Gyourko and Keim [1992] ) indicated that REIT and stock market performance are highly correlated.
While other studies explored various economic factors driving the stock and bond correlation over time (e.g. stock market uncertainty by Connolly et al., [2007] , macroeconomic news by Brenner et al., [2009] , and business cycle indicators by Andersen et al., [2007] ), little has been done to examine the impact of monetary policy.
Unlike prior research, this paper examines the impacts of the Federal Reserve's monetary policy on the dynamics of major financial assets in the U. S. For this purpose, cointegration was tested for between equities, bonds and real estate markets in the period 1980 to 2014, whereas the U. S. monetary base M2 was used as an exogenous variable.
Cointegration Cointegration with Exogenous Variables
Harasty and Roulet [2000] argued that cointegration theory is more in line with how financial markets behave: i.e. although fundamental factors drive market prices over the long run, market prices often deviate from their "true" intrinsic values substantially in the short run. In this sense, there is an arbitrage opportunity arising from the gap between fundamental long term values and short term markets deviations, as the latter are not deemed sustainable.
The long and short-run equations of a basic error correction model follow
and
respectively, where Y is the dependent variable, X is the set of explanatory variables in both equations, M is a proxy for the stance of monetary policy, and e t-1 is the error correction term. This analysis employs the widely used VAR-based cointegration tests using the methodology developed in Johansen's works [1991, 1995] .
Johansen proposed two different likelihood ratio tests: the trace test and the maximum eigenvalue test, shown in Eqs. (3) and (4), respectively.
where T is the sample size and λ i is the ith largest canonical correlation of ∆Y t with Y t−1 after correcting for lagged differences and deterministic variables when present.
In our study, we first calculate the trace statistic J trace to test the hypothesis there is no cointegrating vector against that of at least one cointegrating vector. If the null hypothesis is rejected, we can conclude that the price series are cointegrated. We also perform tests for H 0 : r ≤ j -1 against H 1 : r ≥ j for j = 1, 2, 3. We further conduct the maximum eigenvalue test J max to check the cointegrating rank determined by the trace procedure carried out earlier. In the maximal eigenvalue test, the hypothesis is H 0 : r ≤ j -1 against H 1 : r = j.
The Data
The data set used in this study is comprised of major U. S. asset classes (i.e. the Dow Jones industry stock index, the U. S. benchmark 10 year government bond index and new private housing units in U. S. real estate markets), and U. S. monetary aggregate supply M2. The stock, bond and real estate markets are the largest asset classes, according to estimates of Ibbotson et al. [1985] for the U. S. and Doeswijk et al. [2014] for the global markets.
The 35 year period examined encompasses 136 quarterly observations for each data series. Our empirical investigation also includes a robustness look at the weekly horizon.
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The specific time period chosen covers different market conditions: market turbulences such as "Black Monday", the Long-Term Capital Management (LTCM) and the dot.com bubbles as well as prolonged periods of positive equity returns. As a result, it provides a basis for investigating the effects changing market conditions have on the examined relationships between major U. S. assets and aggregate monetary supply.
Empirical Results

Unit Root Test
Exhibit 1 provides a set of ADF statistics for each of the data series used in the subsequent analysis. We test for the null hypothesis that the time series is stationary. If the null hypothesis cannot be rejected, the time series contains at least one unit root. The critical value of the t-statistic depends on whether the drift and trend terms are included in the equation. The empirical results are reported in Table 2 . The ADF tests find that each data series examined is non stationary I (1), but upon a first transformation becomes I (0) stationary. This fulfils the necessary condition for cointegration that each of the variables should be cointegrated of the same nonzero order. Monthly (1994 Monthly ( -2014 Quarterly Note: Statistical significance is highlighted in bold and is denoted by * and ** at the 5% and 1% levels respectively. S o u r c e : own elaboration.
TABLE 1. ADF unit root tests for underlying series
The Long-Run Structure
We then use the Johansen [1991] method to test for the cointegration among variables. For these models, the trace and maximum eigenvalue statistics for testing the null hypothesis of no cointegration (r = 0) against the alternative hypothesis that there are r = 1 cointegration relationships among these variables are summarized in Table 2 . Monthly (1994 Monthly ( -2014 Quarterly Note: Statistical significance is highlighted in bold and is denoted by * and ** at the 5% and 1% levels respectively. S o u r c e : own elaboration.
TABLE 2. Johansen cointegration test on different sets of variables
The empirical analysis results of the two datasets with j = 1 and 2 are reported in Table 2.   3 For the quarterly dataset (1980 to 2014), both the Jtrace (0) and Jmax (0) statistics are significant for U. S. bond and U. S. M2 at the 1% level. However, these statistics are insignificant between U. S. Stock and U. S. M2, or between U. S. House and U. S. M2. These results are in line with previous empirical findings that Fed monetary policy has direct impacts on the prices of bonds, but there is little evidence of such impacts on stock prices. There is also no significant cointegration relationship among major asset classes. However, when we use M2 as an exogenous factor, the long-run cointegration relationship among major asset classes becomes significant, as confirmed by the trace and the maximal eigenvalue test, which are both significant at the 5% level.
Similar results are found at the monthly level (1994 to 2014) , except that there is no cointegration relationship found between the U. S. monetary supply M2 and U. S. government bond prices. This may be due to the additional disturbances at the higher frequency data level.
Our empirical findings confirm that there exists a significant long-run relationship between major asset classes, determined exogenously by the monetary supply. The results are consistent at both the quarterly and monthly intervals over the long sample period tested. The long-run cointegration relationship also implies there is a short-run error correction mechanism (ECM). Not only do our findings confirm the direct impacts of monetary policy on major financial markets and their interrelations, but they also highlight the importance of market conditions for the allocation of capital among major asset classes.
Concluding Remarks
It is well known that monetary policies have significant impacts on financial markets. An increase in the money supply is widely understood as positively effecting asset prices.
Our results indicate that monetary policy has a limited impact on the prices of single financial asset over the long run. The only exception is our finding that this impact becomes significant on bond prices at a quarterly frequency. These results add to the body of academic work finding that monetary policy directly impacts bond prices, but not stock (or any other major financial asset) prices.
We argue that the monetary expansion should have a long-run effect on the financial markets as a whole. Our cointegration model accommodates both the short-run economic dynamics and long-run economic equilibrium between major asset classes. In particular, our model indicates that the monetary policy is the exogenous factor to determine the long-run trends of major asset class prices. The model is also able to explain some well-documented economic activities such as "fly to quality", where investors move their capital from riskier to the safest investment vehicles in response to market uncertainty. However, our findings suggests that such deviation is likely temporary, and long-run equilibrium is soon restored.
Our findings have implications for policymakers and practitioners. First, monetary policy has a significant and direct long-run impact on the prices of the major assets. Unlike previous studies with mixed findings on the impacts on single asset class, this paper finds that restrictive (accommodative) monetary policy leads to lower (higher) aggregate asset prices. Over time, the Fed has tried to achieve its macroeconomic goals of price stability, sustainable economic growth, and high employment in part by influencing the size of the money supply [Newyorkfed.org, 2016] . However, in July 2000, the Fed announced that it was no longer setting target ranges for money supply growth due to the weaker connection between money supply growth and the performance of the U. S. economy [Newyorkfed. org 2016] . This paper suggests otherwise.
Secondly, the economic restrictions of cointegration between major asset classes have important implications for return dynamics and optimal portfolio allocation rules, especially over long investment horizons. Our results imply that optimal asset allocation based on the ECM specification can be quite different from traditional asset allocations that ignore the cointegrating relation. A practical application of the model may suggest that the market practitioners follow the cointegration-based strategic allocation over the long run, while adopting a short-run ECM-based tactical allocation. Notes 1 Author's e-mail address: J. Miao@kingston.ac.uk 2 To examine the relationship at higher frequency, we also use monthly data. However, due to availability we can only obtain monthly data of the past 20 years from 1994 to 2014, which encompasses 240 monthly observations for each data series. 3 The results for j = 3 are available upon request.
